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R_afionale  for  using  the  Ames  Assay 

The  Ames  Salmonel la/Mamtnalian  Microsome  Mutagenicity  Test  is  one 
of  a  standard  bank  of  tests  used  by  our  laboratory  for  the  assessment 
of  the  mutagenic  potential  of  a  test  substance.  It  is  a  short-term 
screening  assay  for  the  prediction  of  potential  mu'agenic  agents  in 
mammals.  It  is  inexpensive  when  compared  to  _fn  vi vo  tests,  yet  is 
highly  predictive  and  reliable  in  its  ability  to  detect  mutagenic 
activity  and  therefore  carcinogenic  probability  (1).  It  relies  on 
basic  genetic  principles  and  allows  for  the  incorporation  of  a 
mammalian  microsome  enzyme  system  to  increase  sersitivity  through 
enzymatically  altering  the  test  substance  into  an  active  metabolite. 
It  has  proven  highly  effective  in  assessing  human  risk  (1). 

Description  of  Test  (Rationale  for  the  selection  of  strains) 

The  test  was  developed  by  Bruce  Ames,  Ph.D.  frorr.  the  University 
of  Cal i fornia-Berkeley .  The  test  involves  the  use  of  several  differ¬ 
ent  genetically  altered  strains  of  Salmonella  typhimurium,  each  with  a 
specific  mutation  in  the  histidine  operon  (2).  The  test  substance 
demonstrates  mutagenic  potential  if  it  is  able  to  revert  the  mutation 
in  the  bacterial  histidine  operon  back  to  the  wild  type  and  thus 
reestablish  prototrophic  growth  within  the  test  strain.  This 

reversion  also  can  occur  spontaneously  due  to  a  random  mutational 
event.  If,  after  adding  a  test  substance,  the  number  of  revertants 
is  significantly  greater  than  the  spontaneous  reversion  rate,  then 
the  test  substance  physically  altered  the  locus  involved  in  the 
operon's  mutation  and  is  able  to  induce  point  mutations  and  genetic 
damage  (2). 

In  order  to  increase  the  sensitivity  of  the  test  system,  two 
other  mutations  in  the  Salmonella  are  used  (2).  To  insure  ...  higher 
probability  of  uptake  of  test  substance,  the  genome  for  the 
lipopolysacchride  layer  (LP)  is  mutated  and  allows  larger  molecules 
to  enter  the  bacteria.  Each  strain  has  another  induced  mutation 
which  causes  loss  of  excision  repair  mechanisms.  Since  many 
chemicals  are  not  by  themselves  mutagenic  but  have  to  be  activated  by 
an  enzymatic  process,  a  mammalian  microsome  system  is  incorporated. 
These  microsomal  enzymes  are  obtained  from  livers  of  rats  induced 
with  Aroclor  1254;  the  enzymes  allow  for  the  expression  of  the 
metabolites  in  the  mammalian  system.  Th’s  activated  rat  liver 
microsomal  enzyme  homogenate  is  teamed  S-r*. 
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Poser  !  p'  ion  of  StriMis  ( II  i  s!  r-y  of  >  ho  si  re  '  used  ,  *?.**t  ■•ods  t  o 
monitor  <  he  ini.c'rii  ;■  m  t  I'.-  organisms,  i  n  < 1  data  •)■.  ■  rt  ii  r.  i  ng  to 
<'urr'Mi!  anj  iiis*  orici’  eon!  ro's  ,inJ  spoilt  .'.noons  n  v  "rs;  on  rates') 


The  ti-s1  consists  of  using  five  diff. 'rent  strains  of  S.i 1  r:0ri,  |  i  , 
*  jrpb  1  murium  th.it  are  unnh'  1  t  o  ivow  in  absence  of  his*- id  in*?  bo-.-'usp 
of  a  specific  mutat  ion  in  the  histidine  oprron.  This  histidine 
r.  qu  i  rcinent  is  verified  by  attempt  i  ng  to  grow  ’.tie  tester  strains  on 
minimal  glucose  agar  (MCA)  plates,  both  wit',  and  without  bi.s'id'n'  . 
The  dependence  on  this  amino  acid  is  shown  when  growth  occurs  only  in 
its  presence.  The  plasmids  in  strains  TA  98  and  TA  100  contain  an 
ample  Ml  in  rcsi  s‘nnt  R  factor.  Strains  deficient  in  this  plasmid, 
demonstrate  a  zon >  of  growth  inhibition  around  an  ampicillin 
impregnated  disc.  The  alteration  of  the  LP  layer  allows  uptake  by 
the  Salmonel'.a  of  larger  mo!  ecu  'os.  If  a  crystal  violet  impregnated 
disc  is  placed  otto  a  plate  containing  any  one  of  the  bacterial 
strains,  a  zone  of  growth  inhibition  wi 1 1  occur  because  the  LP  layer 
is  altered.  Th ?  absence  of  excision  repair  mechanisms  can  he 
determined  by  using  ultraviolet  (UV)  light.  These  mechanisms 
function  primarily  by  repairing  phot od inters  between  pyrimidine  bases; 
exposure  of  bacteria  to  UV  light  will  activate  the  forma?  ion  of  these 
dimers  and  cause  cell  lethality,  since  excision  of  these  photod inters 
can  not  he  made.  The  genetic  mutation  resulting  in  UV  sensitivity 
also  induces  a  dependence  by  the  Salmonella  to  biotin.  Therefore, 
this  vitamin  must  be  added.  In  order  to  prove  that  the  bacteria  arc 
responsive  to  the  mutation  process,  positive  controls  are  run  with 
known  mutagens.  If  after  exposure  to  the  positive  control  substance, 
a  larger  number  of  revert  ants  are  obtained,  then  the  bacteria  arc 

adequately  responsive.  Sterility  controls  are  performed  to  determine 
the  presence  of  contamination.  Sterility  of  tin?  test  compound  is 

also  confirmed  in  each  first  dilution.  Verification  of  the  tester 
strains  occurs  spontaneously  with  the  running  of  each  assay.  The 

value  of  the  spontaneous  reversion  rate  is  obtained  using  the  same 
inoculum  of  bacteria  that  is  used  in  the  assay  (3). 

Strains  tfc  obtained  directly  from  Dr.  Ames,  University  of 
California,  Berkeley,  propagated  and  then  maintained  at  -HO  C  in  our 
laboratory.  Before  any  substance  was  tested,  quality  controls  were 
run  on  the  bacterial  strains  to  establish  the  v.oMdi'y  of  their 
special  features  and  also  to  determine  the  spontaneous  reversion  rate 
('!').  Records  ar?  maintained  of  all  the  data,  to  determine  if 

deviations  from  the  set  trends  have  occurred. 

We  compare!  the  spontaneous  reversion  values  wi’h  our  own 
historical  valu.ts  and  those  c  i f  c  d  by  Ames  e*  nl  (2).  Our 
conclusions  are  based  on  the  spontaneous  reversion  rate  compared  to 
the  experimentally  induced  rate  of  mutation.  When  operating 
effectively,  thjse  strains  detect  substances  that  cause  base  pair 
mutations  (TA  15 15,  TA  100)  and  fr. into  shift  mutations  (TA  IS5./,  TA 
IS  18  and  TA  98)  (2). 
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METHODS  (3) 


Rationale  for  Dosage  Levels  and  Dose  Response  Tahulat ions 

To  insure  readable  and  reliable  results,  a  sublethal 
concent  rat  ion  of  the  test  substance  had  to  be  determined.  This 
toxicity  level  was  found  by  using  MCA  places,  various  concen¬ 
trations  of  the  substance,  and  approximately  l(f  cells  of  TA  100  per 
plate,  unless  otherwise  specified.  Top  agar  containing  trace  amounts 
of  histidine  and  biotin  were  placed  on  MGA  plates.  TA  100  is  used 
because  it  is  the  most  sensitive  strain.  Strain  verification  W3S 
confirmed  on  the  bacteria,  along  with  a  determination  of  the 
spontaneous  reversion  rate.  After  incubation,  the  growth  was  observed 
on  the  plates.  (The  auxotrophic  Salmonella  will  replicate  a  few 
times  and  potentially  express  a  mutation.  When  the  histidine  and 
biotin  supplies  are  exhausted,  only  those  bacteria  that  reverted  to 
the  prototrophic  phenotype  will  continue  to  reproduce  and  form  macro¬ 
colonies;  the  remainder  of  the  bacteria  comprises  the  background  lawn. 
The  minimum  toxic  level  is  defined  as  the  lowest  serial  dilution  at 
which  decreased  macrocolony  formation,  below  that  of  the  spontaneous 
revortant  rate,  and  an  observable  reduction  in  the  density  of  the 
background  lawn  occurs.)  A  maximum  dose  of  l  mg/plate  is  used  when  no 
toxicity  is  observed.  The  densities  were  recorded  as  normal  slight, 
and  no  growth. 

Test  Format 

After  we  validated  our  bacterial  strains  ard  determined  the 
optimal  dosage  of  the  test  substance,  we  began  the  Ames  Assay.  In 
the^  actual  experiment,  O.Lml  of  the  particular  strain  of  Salmonella 
(10  cells)  and  the  specific  dilutions  of  the  tost  substance  were 
added  to  2  ml  of  molten  top  agar,  which  contained  trace  amounts  of 
histidine  and  biotin.  Since  survival  is  better  from  cultures  which 
have  just  passed  the  log  phase,  the  Salmonella  strains  were  used  16 
hours  (maximum)  after  initial  inoculation  into  nutrient  broth.  The 
dose  of  the  test  substance  spanned  more  than  a  1000-  fold,  decreasing 
from  the  minimum  toxic  level  by  a  dilution  factor  of  5.  All  the 
substances  were  tested  with  and  without  S-9  microsome  fraction.  The 
S-9  mixture  which  was  previously  titered  at  an  optimal  strength  was 
added  to  the  molten  top  agar.  After  all  the  ingredients  were  added, 
the  top  agar  was  vortexed,  then  over  layered  on  minimum  glucose  agar 
plates.  These  plates  contained  2%  glucose  and  Vogel  Bonner  "E" 
Concentrate  (A).  The  water  used  in  this  medium  and  all  reagents  came 
from  a  polymetric  system.  Plates  were  incubated,  upside  down  in  the 
dark  at  37  C  for  48  hours.  Plates  wore  prepared  in  •  •'ipl  irate  am! 
•he  average  revortant  counts  were  recorded.  The  corresponding  number 
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of  revertants  obtained  was  compared  to  the  number  of  spont  an-'-ous 
revertants;  the  conclusions  were  recorded  statistically.  A 
correlated  dose  response  is  considered  necessary  to  declare 
substance  as  a  ait  ig.'ii.  Commoner  (5),  in  bis  report,  "Reliability  of 
Bacterial  Mutagenesis  Techniques  to  Distinguish  Carcinogenic  and 
Non-Care inogenic  Chemical,"  and  McCann  ct  ai  (1)  in  'heir  paper, 
"Detection  of  Ca'cinogons  as  Mutagen:  Assay  of  over  iOU  Chemicals," 
have  concurred  o.i  th"  test's  ability  to  detect  mutagenic  potent  in1. 

Statistical  Aral  vs is 

Quantitative  evaluation  was  ascertained  by  two  independent 
methods.  Ames  e al  (2)  assumed  that  a  compound  which  caused  twice 
the  spontaneous  reversion  rate  is  mutagenic.  Commoner  (5),  developed 
the  MUTAR  Ratio,  which  is  stated  in  the  following  equation: 

ilUTAR  =  (E  -  C)/C 

Here,  C  is  thi  number  of  spontaneous  revertant  colonies  on  control 
plates  obtained  on  the  same  day  and  with  the  same  treatment  and 
strains.  E  is  the  number  of  revertants  in  response  to  the  compound; 
C  is  the  number  of  spontaneous  revertants  on  control  plates 
calculated  from  historical  records.  The  explanation  of  the  results 
of  this  equation  can  he  determined  by  the  method  of  Commoner  (5). 
This  variation  determines  the  probability  of  correctly  classifying 
substances  as  carcinogens  on  the  basis  of  their  mutagenic  activity. 
The  E  values  w>re  recorded  by  strain,  with  and  without  S-9 .  Values 
for  C  and  C ^  were  recorded  separately. 

We  used  the  formula  and  logged  all  values  for  our  permanent  records. 

RESULTS 

Ames  Assay  data  were  collected  on  2,  8,  and  11  March  1981. 
Throughout  this  report,  all  the  test  substances  will  he  referred  to 
by  their  respective  code  numbers. 


Substance  Code  No. 

4-nttrophenyl  is apropyl ( phenyl )phosphi nate  103B 

4-nit rophenyl  etayl(phenyl)phosphinate  113 

phenyl  4-nitroph  anyl  (raethyl.)phosphinate  103A 

4-ni trophenyl  2- nethoxypheny 1 (methyl )phosphinnte  Jh 

4-ni t rophenyl  4-nitrophenyl(methyl )phosphinate  21 


The  Toxicity  Level  Determination  was  run  on  2  March  l^El,  for 
all  the  test  compounds.  All  sterility,  positive,  and  strain 
verification  controls  were  normal.  The  spontaneous  reversion  rate 


was  below  normal  for  nonactivated  TA  1()U  (T;>bl  >  1  A ,  the  dosage 
spanned  from  l  mg/plntc  to  1  x  10  '  mg/plate.  In  all  inst.inrcs,  no 
toxicity  was  observed  (Table  2A-F, )  .  It  was  decided  to  use  !  mg/platc 
as  our  initial  dilution. 

Two  assays  were  conducted  to  determine  the  mutagenic  potential 
of  the  five  test  substances.  On  8  March  1981,  the  Ames  Test  was  run 
on  test  compounds  103A,  103B,  and  113.  On  11  March  1981,  substances 
36  and  21  were  assayed.  The  strain  verification  controls  for  the 
initial  assay  showed  expected  results  in  all  instances  (Table  3A). 
The  spontaneous  reversion  rates  were,  for  some  strains,  lower  than 
suggested  by  Ames  et  al  (2)  but  were  within  normal  limits  when 
compared  to  our  historical  data  for  all  strains  except  TA.  100.  The 
spontaneous  reversion  rate  for  TA  100  was  below  our  historical  data 
base,  both  with  and  without  S-9  (Table  3A). 

In  the  second  assay,  we  experienced  unexpected  results  for  TA 
98,  TA  100,  and  1538  to  UV  light  (Table  3B).  We  suspected  mechanical 
problems,  so  this  strain  verification  was  retested  cn  14  March  1981. 
Expected  results  were  obtained  at  this  time.  The  lawns  were  uneven 
for  all  plates  containing  strain  TA  1538.  Since  TA  98  and  TA  1538 
are  alike  in  all  aspects  except  for  the  addition  of  a  plasmid  in  TA 
98,  we  can  disregard  the  data  obtained  for  TA  1538  and  still  draw 
valid  conclusions  (Table  3B).  The  spontaneous  reversion  rates  were 
within  the  range  of  our  historical  data  for  all  strains  except 
activated  and  nonactivated  TA  100.  Values  for  TA  10C  wore  less  than 
expected . 

Unexpected  reversion  rates  were  seen  in  response  to  positive 
control  chemical  dimethyl  benz-anthracene  (DMBA)  for  all  strains  in 
the  assay  of  8  March  1981  (Table  4A).  Although  the  tester  strains 
larked  a  high  incidence  of  reversion  in  response  to  DMBA,  they  did 
respond  to  amino  flourene  (AF)  and  benz(*s)  pyrene  (EP).  These  three 
chemicals  function  through  the  same  mechanism.  In  the  second  assay, 
normal  results  were  seen  in  response  to  all  positive  control 
chemicals  except  DMBA.  TA  98,  TA  100,  TA  1537,  TA  1538  showed  below 
normal  values  (Table  4B). 

DISCUSSION 

The  data  relevant  to  the  test-compound- induced  spontaneous 
reversion  rates  are  shown  in  Tables  5A-5E.  For  test  substance  103A, 
a  more  than  doubling  of  the  spontaneous^  reversion  rate  is  seen  only 
for  nonactivated  TA  1537  at  the  8  x  10  mg/plate  dose.  No  dose 
response  was  seen  (Tabic  5A). 

For  compound  1.03B,  a  more  than  doubling  of  the  spontaneous 
reversion  rate  was  seen  for  nonactivated  TA  1537  at  the  4  x  10 
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;ng/plato  love'.  No  dose  response  was  observed  (Table  SB). 

Compound  l!>  shows  a  numerical  ^uggestion  of  tnul  agon  i  c  :  *  y  lor 
nonact  i vated  TA  151/  at  the  1.6  x  10  rag/  pi  ate  level.  No  dose 
response  was  seen  (Table  5C). 

The  spontaneous  reversion  rate  for  TA  1537  determined  on  S  March 
1981,  was  low  normal  for  the  strain.  It  is  the  opinion  of  the  Ames 
Assay  Laboratory  at  the  University  of  California,  Berkeley,  that  even 
though  a  doublin’  of  the  revertant  rate  occurred,  one  cannot  declare 
mutagenicity  unless  an  obvious  dose  response  is  seen  (Maron  D. ,  Ames 
Assay  Laboratory,  University  of  California,  Berkeley,  30  March  1981). 
Although  TA  1537  demonstrated  some  isolated  incidences  of  a  doubling 
of  the  spontaneous  reversion  rate,  TA  100,  the  more  sensitive  strain, 
did  not  . 

The  Assay  of  11  March  1981  showed  a  more  than  doubling  of  the 
spontaneous  reversion  rate  for  nonactivated  TA  1535  at  the  1  mg/plate 
dose  for  compound  36.  No  evidence  of  mutagenic  activity  is  seen  for 
compound  21.  The  data  for  TA  1538  was  disregarded  for  those  two  test 
substances  because  uneven  lawns  were  obtained  (Tables  5D-5E).  Our 
MUTAR  values  were  well  below  the  1.5  threshold  level  in  all  instances 
(Tables  6A-6F.). 

CONCLUSION 

For  a  substance  to  be  mutagenic  by  the  Ames  Assay,  several 
criteria  must  be  met.  We  must  see  a  doubling  of  the  spontaneous 
reversion  rate,  a  MUTAR  value  greater  than  1.5,  and  an  obvious  dose 
response.  In  our  assays  a  doubling  of  the  spontaneous  reversion  rate 
occurred  in  only  throe  isolated  Incidences  and  no  dose  response  was 
observed.  Therefore,  we  can  conclude  that  test  substances  103A, 
103B,  111,  36,  and  21  are  not  mutagenic. 

RECOMMENDATION 

We  recommend  that  organo-phosphinate  compounds  37,  73A,  83,  5j, 
and  9L  bo  tested  using  other  toxicological  testing  systems  if  efficacy 
tests  show  those  chemicals  to  be  promising  antidotes. 
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PRECEDING  PAfll  HA*® -MOT 


TABLE  1 


STRAIN  VERIFICATION  FOR  TOXICITY  LEVEL  DETERMINATION 
Salnionel  la/llicrosorae  Assay 


Strain  No. 

Hi  .tidine 

Re.,  ui  remen  ts 

Amnio i 1 1  in 
Resistance 

uvr-B 

Deletion 

1 

rfa  Crystal  ! 
Violet 

$ t o r il  i 
Control 

> 

G 

N’T 

TA  100 

>IG 

9.45  nuii 

NG* 

17.  12  ram 

TA  1537 

NA 

>  25  mni 

NA 

NA 

NT 

NA 

G 

NA 

IJA 

Diluent 

NA 

NA 

NA 

NA 

NG 

Ilis  Bit 

>  M  i  x  NG 

MG A  Plate 

iNG 

Top  Ag; 

ir  NG 

Test 

Diluent 

NC 

Compound  ( 

S) 

(  0  >:c:  i  qta  NA 

NA 

HA 

NA 

NG 

(bl.lfl.m_ 

_  NA 

NA 

NA 

NA 

NG 

(cX-111 — 

_  NA 

NA 

NA 

NA 

NG 

(<0_21._. 

NA 

NA 

NA 

NA 

NG 

(cl.  36. ... 

NA 

NA 

NA 

NA 

NG 

*Sn.»  ll 

numln  r  nf  colon: 

c*s  present 

G  Growth ;  NG  No  Growth;  NT  *  Not  Tested;  NA  =  Not  Applicable; 

NT  Nild  Type  •  -  Expected  Response 


Spontaneous  Revertants 


Stra  i  n 

TIi'E 

S-9 

1 

TA  100 

Cnc* 

No 

80 

51  , 

56 

42 

1 

70 

6f 

St.rt 

No  _ _ 

.  _53 _ 

47 

SO 

65.  _ 

65  J 

7‘ 

Test  Inculated  Ay:  Sauers,  Pulliam,  Oacey,  McGown  Date  2  March  1931 
Test  Read  Ry: Len  Sauers_  _  _ _ _ Date  A  March  1981 


TABLE  2B 


TOXICITY  LEVEL  OfTER’l! NATION 
Sal  monel la/Microsome  As say 


Substance  assayec:  (1)  _ _ A1Q3B  (2)  __  _ 

(3) _ _  (4)  _ _ (5) _ 
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TABLE  2C 


TOXICITY  LEVEL  DETERMINATION 
Salmonel  la/Microsoine  Assay 


Substance  assayed:  (1)  _ 

(3)  _ _ _  (4) 


#113 
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Date:  2  March  1981 
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QUALITY  CONTROL  OT  TESTER  STKAK.S  WORKSHEET 
5a  lnonel  la /Micros owe  As say 


; 

Hi ‘.li.ii 'ip  (a) 
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